Purpose. To determine whether Transtheoretical Model (TTM) constructs differ between individuals making successful versus unsuccessful stage transitions for consumption of five or more servings of fruit and vegetables each day and thus provide a useful basis for designing health promotion interventions.
PURPOSE
Increased fruit and vegetable consumption worldwide could reduce heart disease, stroke, and some cancers by 31%, 19%, and 12% to 20%, respectively. 1 The combination of low fruit and vegetable intake with high energy intake also plays a major role in high obesity rates. 2 Despite a national fruit and vegetable campaign and ongoing promotion efforts, 3 Americans showed no increase in fruit and vegetable consumption between 1988 and 2002. 4 Consistently, only 11% of adults met guidelines for both fruits (at least two servings per day) and vegetables (at least three servings per day). 4 These data indicate a need for improved understanding of how individuals make positive health behavior changes.
Stage models of health behavior change postulate a number of discrete stages of readiness to change behavior, and different factors are hypothesized to be important in influencing movement between different stages. 5 An important public health implication of stage models is that different interven-tions are appropriate at different stages of behavior change. The Transtheoretical Model (TTM) 6 is the most popular stage model and is also one of the most popular theories in the field of health promotion. 7 In addition to five stages of readiness to change (precontemplation, contemplation, preparation, action, maintenance), the TTM postulates that movement between stages is influenced by 10 change processes (Table 1) , as well as pros and cons to changing and self-efficacy. 6 Change processes (or strategies) are divided into experiential (emotional/cognitive) and behavioral (observable, social/situational) processes. In order to promote successful movement through the stages and attain sustained improvements in fruit and vegetable consumption, the TTM posits that public health interventions need to be tailored to those factors that induce these forward stage transitions. 6 Researchers have expressed uncertainty 8 and lack of consensus 9 about which TTM variables predict forward movement through the stages. Studies applying the TTM to exercise behavior change in adolescents 10 and adults 11 have generated findings that have either been nonsignificant 10 and/or have been only partly consistent with hypothesized influences of the change processes on behavior change. 11 Regarding fruit and vegetable consumption, the fundamental question of how individuals who make successful forward stage transitions differ from those who do not remains unanswered. 7, 12 To our knowledge, only one longitudinal test of the TTM applied to stage transitions in adult fruit consumption has been published. 13, 14 Its findings have countered TTM hypotheses regarding the important influencing factors at each stage. 6, 15 Crosssectional analyses of fruit and vegetable consumption 14, 16, 17 and dietary fat intake 18 also reveal findings contrary to the TTM assumption that experiential processes (emotional/cognitive strategies) are more appropriate for inducing stage transitions in those less ready to change and that behavioral processes (social/situational strategies) are more suitable in the later stages. Further investigation is needed to determine which of the TTM constructs differ between those making successful transitions (i.e., forward movement through the stages; stability in the case of ''maintenance'' stage) and unsuccessful stage transitions for fruit and vegetable consumption.
The lack of superiority of recent TTM-based fruit or vegetable interventions may reflect the uncertainty as to which TTM constructs are important in specific stage transitions. 8, 19 Systematic reviews note that stage-based interventions show limited evidence of positive effect on behavior change, 12, 20 and the evidence suggesting that TTM-based interventions are more effective at improving fruit and vegetable consumption than other kinds of interventions is also limited. 7, 12 Only if it can be clearly demonstrated that TTM constructs differ significantly between individuals making Being open about the problem with someone who cares.
. . .someone support you in your decision to eat more vegetables and fruits? Reinforcement management (RM) Being rewarded by self or others for making changes.
. . .your family praises you for eating fruits and vegetables?
Self-liberation (SL)
Choosing and committing to act with regard to eating more FV.
. . .you make a promise to yourself to eat more vegetables and fruits? Stimulus control (SC)
Using cues to promote eating FV. . . .you remind yourself to have vegetables and fruits for snacks? Interpersonal systems control (IP) Seeking out others who promote eating FV or avoiding those who discourage eating FV.
...you spend time with people who encouraged you to eat more vegetables and fruits? Planning ahead (PA)
Being proactive about situations that facilitate eating enough FV.
. . .you plan your meals in advance so you're able to eat more vegetables and fruits?
''successful'' and ''unsuccessful'' stage transitions, can the TTM be seen as providing a useful basis for tailoring interventions. 5, 21 The present study tests the following TTM hypotheses:
(1) compared with those who remain in precontemplation, those who successfully progress from precontemplation have higher perceived pros of changing and more frequently utilize experiential processes of change; (2) compared with those who remain in preparation or regress to an earlier stage, those who successfully progress from preparation have lower perceived cons of changing, higher self-efficacy, and more frequent utilization of change processes; and (3) compared with those who regress to an earlier stage, those who are successfully stable in maintenance have higher self-efficacy and more frequently utilize behavioral processes of change. The current study is unique in testing these TTM-generated hypotheses in a large longitudinal study of adults, where the entire TTM for fruit and vegetable consumption is included.
METHODS

Design
A hired survey firm recruited Hawaiian residents by using random digit dialing and programming into a computer-assisted telephone interview system a questionnaire that assessed all TTM constructs. This included stage of readiness to consume five or more servings of fruits and vegetables each day, processes of change, self-efficacy, and decisional balance for fruit and vegetable consumption, in addition to demographic and fruit and vegetable intake questions. The same interviews were repeated 6, 12, 18, and 24 months later. Interviewers attended a 2-day training covering interview techniques, monitoring procedures, ethical issues, and role-playing difficult situations. Trained study staff performed checks on two to three interviews at each time point, determining interviewer quality. Using scores from 1 (very poor) to 5 (excellent), interviewers received appropriately high scores on adherence to protocol (mean
Sample
A total of 41,463 calls were attempted with 4392 calls resulting in contact, of which, 2785 calls (63.4%) reached eligible households and 1607 reached businesses or ineligible households (pagers, nonresidents, non-English speakers). By asking for an adult household member who had the most recent birthday, 700 adults (18 years or older) were recruited (25.1% participation rate). The baseline survey supported TTM hypotheses regarding stage differences in self-efficacy, pros and cons, and fruit/vegetable consumption; however, most experiential and behavioral processes were higher in the earlier stages, then leveled off. Results from the baseline survey have been described in detail elsewhere. 16 Participants provided informed consent prior to the baseline interview, and all procedures were approved by the University of Hawaii Human Participants Committee. Participants were offered incentives to complete 30minute phone interviews ($10 per interview, $25 for final) at 6-month intervals over 2 years.
Measures
An assessment of intake was made using the National Cancer Institute Fruit and Vegetable screener. 22 In the interview, self-efficacy to eat fruits and vegetables in challenging situations was assessed using the 6-item Self-Efficacy Questionnaire 23 ; the pros and cons of fruit/vegetable consumption were assessed using the two-factor, 10-item Decisional Balance Questionnaire 24 ; and the processes of change (in the context of fruit/vegetable consumption) were assessed using the 36-item Processes of Change Questionnaire. 25 The questionnaires were piloted by interviews for interpretability and ease of administration. Reliability and validity details of all measures have been reported previously. 16 
Definition of Unsuccessful Versus Successful Stage Transition
Stage transitions were examined over four periods-baseline to 6 months, 6 to 12 months, 12 to 18 months, and 18 to 24 months-to replicate results within the study. TTM stage was numerically coded as follows: precontemplation ¼ 1; contemplation ¼ 2; preparation ¼ 3; action ¼ 4; and maintenance ¼ 5. For each of the four transition periods, stage transition scores between time 1 (T1) and time 2 (T2) were calculated (T2 stage minus T1 stage). With two exceptions, stage progression (stage transition score . 0) was defined as ''successful,'' whereas stage regression or no change (stage transition score 0) was defined as ''unsuccessful.'' The first exception was that stage transitions from precontemplation at T1 to action or maintenance at T2 (stage transition score . 2) were deemed implausible. A total of 64 transitions were identified as implausible. As defined by the TTM, precontemplators have no intention to change a specified behavior in the next 6 months. A stage transition from precontemplation to action or maintenance within 6 months would suggest the self-assessment of stage was most likely inaccurate. The second exception was that ''success'' among those in the maintenance stage was defined as no stage change (stage transition score ¼ 0). Furthermore, because successful transition from action to maintenance would require one to sustain actual behavior change for over 6 months, individuals reporting that they remained in the action stage (consuming the target amount of fruits/vegetables for less than 6 months) were assumed to have experienced relapse and therefore deemed ''unsuccessful.''
Analyses
In this study, t-tests were used to determine which TTM variables were consistently different between those making ''successful'' versus ''unsuccessful'' stage transitions from precontemplation, preparation, and maintenance. Sample sizes for contemplation and action prohibited similar analyses. Analyses were repeated for each transition period (0 to 6 months, 6 to 12 months, 12 to 18 months, and 18 to 24 months). At each transition period, mean time 1 (i.e., T1) TTM variable scores were compared between those classified as making ''successful'' versus ''unsuccessful'' stage transitions. A consistent pattern of significant between-group differences would be suggestive of predictive indicators of stage transition. A consistent pattern was defined as TTM variable scores that significantly dif- For individual use only. Duplication or distribution prohibited by law. fered between ''successful'' and ''unsuccessful'' stage transitions over two or more transition periods. Given the large number of comparisons (15 variables by four stage transitions), a Bonferroni correction was applied to the p-value (.05/60 ¼ .0008). Significance was set at p , .001. Significant findings were reanalyzed using analysis of covariance to control for significant differences in the distributions of sex, race/ethnicity, age, education, income, and marital status between those who were successful versus unsuccessful in each of the stage transitions. 26 the sample was similar in terms of age, but it comprised a higher proportion of women and Caucasians; a somewhat higher proportion of highly educated and divorced/separated, Black, Hispanic and other ethnicity participants; and a lower proportion of those in higher income groups ($50,000/year).
RESULTS
Of the 700 total participants, 678 (96.9%) reported their stage of change for fruit and vegetable consumption at least at one of the five time points. Response rates for each of the five time points were as follows: 0 months, 91.7% (n ¼ 642); 6 months, 73% (n ¼ 511); 12 months, 63.6% (n ¼ 445); 18 months, 60.3% (n ¼ 422); and 24 months, 56.4% (n ¼ 395). A total of 520 (74.3%) participants reported their stage of change for fruit and vegetable consumption at a minimum of one transition period (e.g., two consecutive time points). Chi-square analyses showed that those with stage transition data were more likely older (55þ years) and married, with at least some college education, and had a greater income (.$49,999) compared to those without stage transition data. At the first stage transition (0 to 6 months; n ¼ 429), 17.5% had missing data and were not included in analyses for that transition. At the second (6 to 12 months; n ¼ 360), third (12 to 18 months; n ¼ 316), and fourth (18 to 24 months; n ¼ 308) transitions, 30.8%, 39.2%, and 40.8%, respectively, were missing stage data for at least one of the two assessments. A total of 194 (37%) participants had data for all four stage transition periods.
For the first four time points, there was little variation in the stage distribution. A majority of the participants were in precontemplation (30.1% to 32.5%), preparation (34.4% to 39.9%), and maintenance (21.3% to 26.1%). Similarly, there was little variation across time points of those in contemplation (2.1% to 5.3%) and action (2.5% to 5.4%). At time point 5, fewer participants were in precontemplation (23.8%) and slightly more in preparation (40.3%) and maintenance (28.9%). The proportion in contemplation and action at time point 5 were within the range of previous time points.
Stage Transitions from Precontemplation
Few time 1 (T1) TTM variable scores were indicative of successful transition out of precontemplation (Table 3 ) For individual use only. Duplication or distribution prohibited by law.
based on findings conforming to the Bonferroni-adjusted p value (p , .001).
Greater scores for the behavioral processes collectively, self-liberation, and consciousness raising were indicative of successful stage transition. Given the definition of a ''consistent pattern'' as significant differences between ''successful'' and ''unsuccessful'' stage transitions over two or more transition periods, self-liberation was the only process indicative of successful stage transition. After adjusting for demographic covariates, none of these findings remained significant at the adjusted p-value. However, moderate effect sizes (adjusted g 2 ¼ .076, 0 to 6 month transition; and .096, 6 to 12 month transition) were retained.
Stage Transitions from Preparation
Since none of the TTM variable scores were consistently indicative of stage transitions out of preparation, tabulated results are not presented. At only the 6 to 12 month transition, cons were lower among those who success-fully transitioned out of preparation (p , .001).
Stability in Maintenance
None of the TTM variable scores differed significantly between individuals who successfully remained in maintenance as compared with ''unsuccessfully'' regressing to an earlier stage.
DISCUSSION
This is the first longitudinal study to investigate whether the hypothesized TTM constructs differ significantly between those making ''successful'' and ''unsuccessful'' stage transitions in adult fruit and vegetable consumption.
The study provides limited support that the hypothesized TTM constructs predict successful transitions out of precontemplation. Contrary to model hypotheses, the TTM variables did not predict forward stage transitions from preparation or the prevention of regression from maintenance to earlier stages.
In applications to eating behavior change, it has long been assumed that the experiential processes consciousness raising (CR), dramatic relief (DR), and environmental evaluation (ER), and higher perceived pros, predict progress out of precontemplation but that behavioral processes only become relevant in later stage transitions. 27, 28 This study provides little support for the importance of experiential processes. Rather, one behavioral process, self-liberation (SL), demonstrated a consistent ability to significantly predict this stage transition. This finding is consistent with the only longitudinal study addressing processes of change in stage transitions for fruit intake: in contrast to general assumptions De Vet et al. 14 reported that behavioral processes collectively predicted progression from precontemplation, with self-liberation being the strongest predictor. Two additional behavioral processes, stimulus control (SC) and reinforcement management (RM), also predicted this transition in the de Vet et al. study. De Vet et al. 14 For individual use only. Duplication or distribution prohibited by law.
also noted that more frequent use of four experiential processes (ER, SR, CR, DR) predicted forward transition out of precontemplation. These longitudinal results, consistent with our cross-sectional analyses 16 and those of de Vet et al., 14 suggest that behavioral processes are already relevant for early stage transitions. Strengths of the present study include the careful testing of hypotheses generated by one of the most popular theories in the field of health promotion, the large sample size, and longitudinal design. A significant limitation of our study is the small samples in contemplation and action, preventing examination of transitions from these stages. Additionally, the sample was not representative of the true Hawaiian population. Our sample had a higher proportion of women and highly educated groups compared to the general population of Hawaii. Furthermore, approximately 25% (n ¼ 180) of this sample was excluded from our analyses due to missing data and/or implausible stage transition data. This may limit the generalizability of findings; however, the intention was not to estimate prevalence rates, since the research focus is on testing TTM variable relationships. The questionnaires used to assess processes, self-efficacy, and decisional balance were developed with largely Caucasian samples and so may not fully capture these constructs in our multiethnic population. The cons examined in our questionnaire may not have adequately represented those cons perceived by our study population. This may explain why, contrary to TTM predictions (but consistent with other research), 13, 29 no support was found for cons as a stage transition determinant. It is also possible that repeated administration of questionnaires may have influenced participant responses. However, the probability of this is low considering the similarities of the stage distribution across time points.
The above-mentioned methodological limitations may partly explain differences between our findings and TTM hypotheses. However, it is also possible that the critical factors that move people from one stage to the next may vary by behavior. 30, 31 For addictive behaviors such as smoking, where cessation is the goal, overt behavior change occurs in the action stage. According to the TTM, for smoking cessation the use of behavioral processes is appropriate to individuals in the later stages. In contrast, for fruit and vegetable consumption, there is some evidence that individuals progressing through the early stages may begin making small changes in eating behavior. 32 In adopting new behaviors (like fruit and vegetable consumption), individuals have to perform the behavior repeatedly in the action and maintenance stages, potentially requiring different mechanisms for sustained change than for cessation behaviors. Candidates for such mechanisms may be the development of autonomy 33 and/or environmental considerations.
Our results may shed light on why interventions tailored to TTM variables have failed to show superiority to nontailored interventions. 7, 8, 19 Interventions have generally been based on traditional TTM assumptions that successful change requires the use of experiential processes in the early stages and behavioral processes in the later stages of change. Furthermore, and consistent with cross-sectional results, 16 this study also confirms the need to question traditional TTM assumptions regarding when to use specific processes of change. The behavioral process self-liberation may be important to successful transitions out of precontemplation.
This presents the first empirical evidence as to which TTM constructs are important in specific stage transitions for adult fruit and vegetable consumption. If these findings are replicated in other longitudinal studies, public health interventions aiming to promote adult fruit and vegetable consumption by tailoring messages according to TTM behavioral processes, particularly self-liberation, may be effective for precontemplators. However, our results highlight the limitations of the TTM in explaining other stage transitions in fruit and vegetable consumption and emphasize the need for other theories or new or integrated models to assist us in understanding fruit and vegetable consumption and promoting behavior change.
SO WHAT? Implications for Health Promotion Practioners and Researchers
What is already known on this topic?
No previous longitudinal studies have investigated whether adults making ''successful'' and ''unsuccessful'' stage transitions in adult fruit and vegetable consumption differ in terms of variables specified by the Transtheoretical Model (TTM).
What does this article add?
Our findings challenge usual assumptions about what facilitates progression through the stages of change. Use of self-liberation (a behavioral process) predicted successful transitions from precontemplation more so than the experiential processes generally assumed to be useful at this stage. Also contrary to hypotheses, TTM variables did not predict forward stage transitions from preparation or the prevention of regression from maintenance to earlier stages. What are the implications for health promotion practice or research?
Practitioners aiming to improve fruit and vegetable consumption among precontemplators may find behavioral processes, particularly self-liberation, useful. However, for adults in preparation or maintenance, strategies informed by other theories are needed.
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